Abstract. Emergent agents, those agents whose local interactions can cause unexpected global results, require a method of modeling that is both dynamic and structured Petri Nets, a modeling tool developed for dynamic discrete event system of mainly hctional agents, provide this, and have the benefit of being an established tool. We present here the details of the modeling method here and discuss how to implement its use for modeling agent-based systems.
Introduction
Petri Nets have been used extensively in the modeling of functional agents, those agents who have defined purposes and whose actions should result in a know outcome. However, emergent agents, those agents who have a defined structure but whose interaction causes outcomes that are unpredictable, have not yet found a modeling style that suits them. A problem with formally modeling emergent agents that any formal modeling style usually expects to show the results of a problem and the results of problems studied using emergent agents are not apparent from the initial construction. However, the study of emergent agents still requires a method to analyze the agents themselves, and have sensible conversation about the differences and similanties between types of emergent agents. We attempt to correct this problem by applying Petri Nets to the characterization of emergent agents. In doing so, the emergent properties of these agents can be highlighted, and conversation about the nature and compatibility of the differing methods of agent creation can begin.
Petri Nets
Petri Nets are a graphical modeling tool used mainly to analyze rnanufacturi g processes. The main strength of using Petri Nets lies in the fact that they can handle concurrency of events. For complex modeling the ability to allow several events to occur simultaneously and still analyze their effects on each other is a necessity. The classic Petri Net consists of four objects: places, transitions, directed arcs and tokens. ApZace is a sfate of existence for a model. Consider a traffic hght which has three states, each of which indicates a different situation; red says stop, yellow indicates caution, and green allows forward motion. Each of these three states would be con-the means by which the different places are reached. This would be the light changing from red to yellow, yellow to green, etc. You must go through a transition in order to reach a place. Transitions take the form of a square, or a straight line. The directed arc links the places to the transition. If one must change from red to yellow, there would be an arc linking the place "red" to the transition "changing from red to yellow,'' and another linking this transition to the place "yellow." The token is the means by which the Petri Net is made active. It indicates at which place in the Petri Net the current process is, and allows for restrictions on the activity of the processes. If there were two traffic lights at an intersection the tokens would indicate which is green, which is red, and ensure that only one was green at any given time. Below is the traffic light example shown as a Petri Net (I). This process of putting the Petri Net into action is referred to as firing. Each token allows for a single firing, which causes a token to move from place, through a transition, into another place. In order for a particular transition to be enabled, all of the places who have a directed arc leading to that transition must have a token. In the case above, the X place creates the situation where both lights must be red for one to turn green.
The model above is an example of a Petri Net that describes a well-defined system, with predictable results, and no emergent properties. Below we describe how this tool can be applied in a situation where emergence generates the interesting result.
Emergent Agent Modeling
We create a formal model of a classic agent-based model, the Schelling model of spatial segregation. In this model, there are two types of agents. Each agent has a threshold level for the number of similar agents they wish to have in their 'neighborhood', although no agent has a particular preference for segregation. When chosen by random, each agent takes an accounting of the percentage of each agent type in their neighborhood, and if the percentage of dissimilar agents is too high, they will move to another location Although simple, the model's results stem from the emergent prop erties of the heterogeneous agents. Although this is not a detailed model, there are still many choices a researcher must make when programming the simulation, such as the type of neighborhood the agents live in, how the thresholds are determined, the method of location switching, etc. E.ach model has characteristics in common, however, and it is these characteristics that should be included in formal specification of the model. Below is a Petri Net model of the basic characteristics that should be in-. cluded in every Schelling simulation, regardless of the individual choices made by the researchers. Given this model of the process that the researcher is trying to analyze, and the specifics of the choices that she made in the desi@-process, the original results should be replicable. In addition there is no need for every researcher to utilize the same programming lan=wge or software package in order to understand the workings of the model. Petri Nets are dynamic which makes them ideal for analyzing the structure. of agent-based models, whose results usually rely on the dynamic interactions of their component parts.
Conclusion
These Petri Net models do not replace the agent-based model itself. The emergent nature of many agent-based results still requires a full computational simulation to be created. However, they do provide a method by which two modelers can discuss a single problem without being distracted by the particulars of their individual models. Since Petri Nets are mathematically based, issues of the efficiency of the model can also be analyzed. Finally, there is already an established body of work in the field of Petri Nets, which prevents agent-based modelers from having to invent new systems of analysis. Just as economics and other fields adapted calculus for their own uses, agent-based modelers in all disciplines can use this technique.
